Abstract-In this paper, the maximum power per chip to keep the Stimulated Raman Scattering (SRS)-induced tilt below a specific level in Spectral-Amplitude-Coding Optical Code-Division Multiple-Access (SAC-OCDMA) is evaluated for different number of users. A number of computer simulations have been conducted for this purpose. It is shown that as number of users grows, the power per chip must be decreased to control the SRS-induced tilt and to keep it below acceptable levels. It is also shown that SRS-induced tilt can significantly limit the power per chip levels when the number of users is large. This is the first time such a study is reported for OCDMA systems.
I. INTRODUCTION
Optical code-division multiple-access (OCDMA) is a popular research area which offers various advantages [1] . OCDMA techniques were proposed for optical fiber networks in the middle of 1980' s to provide a more efficient use of the spectral bandwidth, mitigate contention, and provide flexible provisioning. Since that time, OCDMA has received increasing attention from researchers worldwide [2] [3] [4] . OCDMA systems can be classified into coherent and incoherent systems which differ primarily in the signal modulation and detection systems. In particular, incoherent schemes use simple techniques of intensity modulation with direct detection while coherent schemes are based on the modulation and detection of optical phase [3] [4] . One of the most common approaches to incoherent OCDMA is spectral-amplitude-coding OCDMA (SAC-OCDMA). This approach is implemented by spectrally decomposing a broadband light source followed by an optical element that can modulate the intensity of the different spectral components hefore again combining them [4] .
SAC-OCDMA systems are expected to be significantly limited due to stimulated Raman scattering (SRS) effects. In any SAC-OCDMA system multiple chips propagate simultaneously at different wavelengths into the fiber. The large number of users involved leads to high total power level in the fiber even if the power per each chip is relatively low. Therefore, SRS process takes place and affects those chips by inducing power depletion from shorter-to longer-wavelength chips resulting in a spectral tilt in the transmitted chips. SRS-induced tilt becomes more significant as total input power grows. Therefore, to keep the tilt ratio below a specific level, the maximum power per chip for a given number of users must be limited. The purpose of this paper is to evaluate the power limitations in SAC-OCDMA systems in the presence of SRS effects. Specially, most of researches concerning SRS effects are based on wavelength-division multiplexing (WDM) systems [5] [6] [7] [8] [9] and there is no such a study reported for OCDMA systems up to now.
II. SYSTEM DESCRIPTION I in vestigating the system power limitations in the presence of nonlinear SRS effects, a number of simulations have been conducted. The simulation setup for an N-users SAC-OCDMA system is shown in Fig. 1 code) with a weight of 4 [10] [11] . However, the use of different weights can only change the code length as KScode structure preserves the cross correlation always to 1.
As long as the cross correlation is preserved, the change of code length has almost the same effect like the change of number of users. The received signal is then split into multiple users. The receiver section consists of band-pass optical filters which act as OCDMA decoders, PIN photo-detectors, and low pass filters. The decoding scheme used is direct-decoding since it provides improved system performance compared to other schemes such as AND subtraction [12] . The noise generated at the receivers is set to be random. The responsivity of the photodetectors is 0.85 A/W, the dark current is 5 nA, and the thermal noise coefficient is 1.8 x 10-23 W/Hz. Performance of the system is characterized using power meters and spectrum and BER analyzers.
Throughout the simulations, the bit rate is set to 1 Gbps which is quite close to the Gigabit Ethernet speed. Since a broad band source is utilized throughout this study, stimulated Brillouin scattering (SBS) effect can be ignored. This is because the Brillouin-gain linewidth is only about 20 MHz which is much narrower than the chip-width used (100 GHz), and hence, the SBS efficiency is suppressed [13] . Other nonlinear effects such as four-wave mixing (FWM), self-phase-modulation (SPM) and cross-phasemodulation (XPM) can also be ignored since NDSF is used. However, these other nonlinear effects are important when dispersion shifted fibers (DSF) are used at high bit rates (u 10 Gbps) [13] . Fig.2 illustrates the tilt ratio between the first and last chips at the far end of the fiber link versus the launched power per chip for different number of users ranging from 3 to 18 and over a distance of 10 km. The tilt ratio between chip # I and chip # N can be defined as (PN/P)dB where PN and P1 are the power per chip # N and # 1 respectively, alter being transmitted over the liber. Fig.2 demonstrates that as power per chip increases, the tilt ratio (in dB) grows linearly. For instance, in case of 9 users, the tilt ratio increases from 0.018 to 1.8 dB as power per chip grows from 0.1 to 10 mW following a linear relationship with a slope 0.18 dB/mW. It is to be noted here that the observed tilt cannot be attributed to linear (wavelength-dependent) attenuation, since the attenuation coefficient is set to 0.2 dB/km (wavelength-independent) during the simulations. Therefore, the occurred tilt must be a result of the SRS process.
III. RESULTS AND DISCUSSION
The results presented in Fig. 2 [5, 13] 
where a is the fiber attenuation coefficient and I is the fiber length. In this approximation, the Raman gain is assumed to vary linearly with frequency as long as the spectral separation between highest and lowest chip is kept below the Raman frequency shift. Fig. 3 illustrates the Raman gain profile with its triangular approximation.
Using Raman gain slope of 6.4 x 10-18 m/(W.GHz) with a chip-spacing of 100 GHz for a fiber with an active section of 70 Pm, the approximation (1) predicts a tilt slope of O. 1 5 dB/mW in case of 9 simultaneous users. revealed that as number of users grows, the power per chip should be limited in order to keep the total power lower than the level that can cause severe SRS-induced tilt. It is found that when the transmission distance is 10 km, the power per chip to keep the tilt ratio below 0.5 dB can be as high as 12.5 mW (1 I dB) in case of 3 users. However, when number of users becomes 18, the maximum allowable power per chip is only 0.75 mW.
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